INTRODUCTION
Seven viruses with small isometric particles containing RNA have been isolated from bees and described (Bailey et aL 1963, I964, Bailey & Woods, I974, I977) . Six are from Apis mellifera and one, Kashmir bee virus, is from Apis cerana. Recently we have isolated more viruses of the same kind from A. mellifera. One is from Egypt and three are strains of Kashmir bee virus from Australia.
M E T H O D S
The material included diseased adults of Apis mellifera sent from Egypt in Spring, 1977;  dead adults collected from two localities near Keith, South Australia, in November I977; dead larvae, sent from northern New South Wales, Australia, in November I977; air-dried smears of dead mature larvae sent from Bundaberg, Queensland, Australia, in January I978; and adult bees, that had died soon after they had been injected with extrac, ts of seemingly healthy individuals in tests by Dr R. E. Teakle in Brisbane, sent in March 1978.
Groups of 30 adult bees were each extracted in 5o ml of a mixture of 4 vol. of o-oi Mpotassium phosphate buffer at pH 7"o, containing 0-2 % sodium diethyldithiocarbamate and t vol. diethyl ether. The extract was emulsified with CCl4 and the phases separated by centrifuging at 8ooo g. The clarified aqueous extracts were centrifuged at 75 ooo g for 3 h, the pellets resuspended in I ml of the o.oi M-phosphate buffer, the suspensions clarified at 8ooo g for IO min and the partially purified extract tested by immunodiffusion in an agar containing EDTA (Bailey & Woods, 1977) with antisera against all known RNA viruses of bees except Arkansas bee virus. Tests for this virus were made in borate-buffered agar (Bailey & Woods, 1974 )-Samples of larvae were either extracted in the same way as those of adults, or individuals were extracted in 2 ml of the phosphate buffer/sodium diethyldithiocarbamate mixture plus oo22-1317/79/oooo-3484 $02.00 (~ I979 SGM one drop of CCla and the extracts clarified at 8oo0 g for Io min and tested separately by immunodiffusion.
Small volumes of samples that failed to react with antiserum were negatively stained with neutral sodium phosphotungstate and examined in a Siemens Elmiskop I electron microscope. Various dilutions were made of those that contained virus-like particles and these were injected into adult bees or pupae, I/d/individual, as described by Bailey & Woods (I974, I977) .
Viruses were purified in sucrose gradients and antisera were prepared as described by Bailey & Woods (I974) . Sedimentation coefficients and buoyant densities in CsC1 were determined in an MSE Centriscan centrifuge. SDS-polyacrylamide gel electrophoresis was done as described by Carpenter et al. (I977) .
RESULTS

Bee virus from Egypt
Electron microscopy of partially purified preparations from the Egyptian bees showed many isometric particles 3o nm in diam. (Fig. ~ a) . The stain had penetrated most of these so that they appeared to be empty. Their walls were thin, with six clearly defined symmetrically arranged thickenings, unlike those of any virus particles seen previously from bees. No reactions were obtained in immunodiffusion tests with antisera prepared against all previously identified bee virus.
Virus propagation
Pupae that were each injected with a IO -8 dilution of extract ceased to develop and darken and all died within 3 or 4 days. Most were infected with sacbrood, black queen-cell or chronic bee-paralysis viruses. When pupae were injected with extracts treated with antiserum to these viruses, three out of the 4o that died after injection with a Io -2 dilution of extract contained much acute bee-paralysis virus and none of the 4o pupae that died after injection with a IO -4 dilution of extract contained detectable amounts of any known bee virus. Nevertheless, extracts of the pupae in these tests that failed to react with any antiserum contained many isometric particles about 3 °n m in diam. About half seemed empty and resembled those seen in the original bees from Egypt. None of the few control pupae that died in the tests contained detectable amounts of any virus.
Several serial passages of high dilutions of extracts of pupae containing only the unidentified particles were then made. The injected pupae died at a late stage, usually just before they were due to metamorphose, about seven or eight days after they were injected and then contained many particles of the agent that we call Egypt bee virus.
Attempts to propagate the virus in injected adult bees were unsuccessful.
Purification and properties
Attempts to purify Egypt bee virus in the usual way did not give satisfactory results. At best, most of the particles obtained appeared empty. Eventually, extraction in 0"5 Mpotassium phosphate, pH 8.0, containing 1% ascorbic acid and 2 % EDTA, followed by emulsification with CC14, clarification and sedimentation as before, gave the best yield of particles with fewest appearing empty. Partially purified virus was not soluble in buffer less concentrated than o.I M. It formed rapidly sedimenting aggregates in gradients made of sucrose in o.ot M-buffer, pH 8.o, but remained dispersed and manageable in gradients containing o. 5 M-buffer. Purified virus was stable, at least in concentrations of about o.I mg or less/ml, in o.o~ M-potassium phosphate buffer, pH 8.0.
The best purified preparations had an A~6o: Ao.8o ratio of 1.74. They contained RNA but Purified preparations of the particles were stable in o'o5 M-potassium phosphate or ammonium acetate buffer down to about p H 5.o, when many empty shells appeared within 3o min. Particles kept for I5 min at lower pH values and then examined by electron microscopy had aggregated at pH 4"o, and at pH 3"o had all become empty or had disintegrated. Analysis of the virus protein on 5 % polyacrylamide gels showed three components of estimated mol. wt. 4I Ioo, 3oo0o and 25ooo (Table 2 and Fig. 2a) .
Bee viruses from Australia
Electron microscopy of partially purified extracts of the adult bees from South Australia showed many isometric particles 3o nm in diam. and a few slightly larger isometric viruslike particles. Partially purified extracts of the larvae from New South Wales contained many isometric particles, all 3o nm in diam. In immunodiffusion tests against antisera to all the known isometric RNA viruses of bees, these extracts gave a strong reaction with antiserum to black queen-cell virus and Kashmir bee virus, but crude extracts of t2 individual larvae from New South Wales each gave strong reactions only with antiserum to black queen-cell virus. The extracts gave confluent precipitin lines with black queen-cell virus but pronounced spurring with Kashmir bee virus (Fig. I c) .
The smears of larvae from Bundaberg, Queensland contained isometric particles, all 30 nm in diam. These did not react with any of the bee virus antisera, although the particle concentration was only about t ol°/ml. The extracts of adult bees from Brisbane, Queensland, contained similar but more numerous particles, which reacted only with antiserum prepared against Kashmir bee virus.
Virus propagation
The South Australian and New South Wales isolates of viruses related to Kashmir bee virus were readily propagated and simultaneously separated from black queen-cell virus by injecting clarified preparations into adult bees kept at 35 °C. The viruses multiplied quickly and killed the bees within 3 days. Black queen-cell virus was undetectable in their extracts.
Adult bees injected with extracts of the material from Bundaberg and Brisbane died within three days and then contained many particles that reacted with Kashmir bee virus antiserum in a manner similar to that of the other isolates from Australia. These particles will be referred to as the Queensland I and Queensland 2 isolates respectively (Fig. I b) .
Purification and properties
The four isolates were readily purified by sedimentation in sucrose gradients and were indistinguishable by electron microscopy, sedimentation coefficient 067 to r7oS ) or buoyant density in CsCI (I.37 to 1-38 g/mi).
Immunodiffusion tests, using antiserum prepared against the South Australian isolate, failed to distinguish between the Queensland I and the New South Wales isolates but they just distinguished these from the Queensland 2 isolates (Fig. x e) and dearly distinguished them from the South Australian isolate (Fig. I d) . However the homologous and heterologous titres of the antisera prepared against Kashmir bee virus and the South Australian isolates were very similar (Table I) .
Purified particles of the Australian strains of Kashmir bee virus often formed fairly well defined precipitin lines in immunodiffusion tests against normal rabbit and human sera to dilutions of about 1/16. This reaction seemed possibly due to cross-reacting antibodies, such as those in some mammals, described by Longworth et al. 0973b) , to a virus of Gonometa podocarpi. However, it did not occur when the viruses were in 5o% glycerol, whereas they then still reacted as well as usual with their antisera. Glycerol preparations of all Kashmir virus strains failed to react with an antiserum prepared against the physically similar virus from G. podocarpi (Longworth et al. I973a) . SDS-polyacrylamide gel analyses of the protein of fresh preparations of the South Australian isolates showed three major components (Fig. 2c) in approximately equal amounts. Their estimated tool. wt. on 5% gels were: A, 443oo; C, 356oo and, E, 250o0 (Table 2 ). There was also a minor component, B, of estimated tool. wt. 39 3 °o. When the analyses were repeated after virus preparations had been stored at 5 °C, the proportion of band A invariably decreased whereas band B, the minor component, increased (Fig. 2d) . The New South Wales isolate behaved similarly (Fig. 2e and f) . Other gels showed proportions of these bands intermediate between those of Fig. 2(c) and (d) . Furthermore, careful measurement of relative mobilities showed that band C, in stored preparations, became replaced by band D, with the smaller estimated mol. wt. of 34o0o. Apparently, bands B and D are formed from A and C respectively, probably during and after virus extraction, by the action of enzymes contaminating our preparations.
Preparations of the New South Wales isolate were indistinguishable from fresh preparations of the South Australian isolates (Fig. 2c and e) whereas the Queensland I isolate gave a band pattern (Fig. 2g) like that of the aged South Australian isolate, and that of Queensland 2 was intermediate (Fig. 2h) . This suggests that the Queensland isolates are more susceptible to proteolytic modification, but more stringent comparisons are necessary to establish this point. No serological differences were detected by immunodiffusion between fresh and aged preparations of the isolates.
Whereas the Australian isolates were not distinguishable from each other by the patterns of their proteins in po!yacrylamide gels, as each contained parts of the same 5-band pattern, the proteins of Kashmir virus differed measurably from them. Moreover, all preparations of Kashmire bee virus examined had only three components of estimated mol. wt. 41 Ioo, 373oo and 245o0 (Fig. 2b) . There was no trace of a band of mol. wt. 44ooo, although such a protein might exist but be too rapidly degraded to be seen. Nevertheless, the two bands of highest tool. wt. were distinguishable in comparative analyses from bands A, B, and C of the Australian isolates (Table 2) .
DISCUSSION
The detection of Egypt bee virus, together with sacbrood, black queen-cell, acute beeparalysis and chronic bee-paralysis viruses, indicates that a virus isolated from an insect may well be only one of several physically similar but unrelated types that can occur together. Moreover, viruses that are most virulent in infectivity tests do not necessarily belong to the type that happens to be the most important in nature on the particular occasion. The New South Wales strain of Kashmir bee virus was in this category, because black queen-cell virus clearly predominated in the larvae.
The occurrence of strains of Kashmir bee virus in .4pis mellifera from Australia was unexpected. Australian honey bees are not native to their continent, so we expected that their viruses would be of the kind occurring in European honey bees and their American descendants, from which Australian honey bees have been derived during the past T5o years. Viruses we have found in amounts sufficient to be detected directly by serology, in extracts of diseased individuals of .4. mellifera sent from abroad, are black queen-cell virus from Australia, New Guinea and Belize; chronic bee-paralysis virus from Australia and North America; sacbrood virus from Australia and New Guinea; and acute bee-paralysis virus from Belize. Sacbrood virus from New Guinea was just distinguishable from British strains, using antiserum prepared against these, but all the other viruses were indistinguishable from those that occur in Britain. These findings show that several viruses are widespread in Apis mellifera and that there is little variation between isolates. In contrast, isolates of Kashmir bee virus from a comparatively small region were clearly different.
Kashmir bee virus was first identified at Rothamsted in Apis mellifera that had been experimentally infected in the laboratory with extracts of Apis cerana sent from Kashmir (Bailey & Woods, I977) . There was no evidence that the virus occurs naturally in A. mellifera in Britain so it seemed to have come from A. cerana. Direct evidence that Kashmir bee virus is established in A. cerana was obtained recently when we identified the virus by serology in semi-purified preparations from each of three samples of diseased adults of A. cerana sent to Rothamsted from Mahableshwar, India.
These facts, and the occurrence of several strains of Kashmir bee virus in Australia, give the impression that the virus has its origins in India or east and south-east Asia, where A. cerana is native. However, the absence of A. cerana from Australia suggests either that Kashmir bee virus has been derived from other insect species that are native to both Australia and south-east Asia, such as bees of the genus Trigona, or that strains of Kashmir bee virus occur generally in A. mellifera, but multiply more in some regions, such as Australia, than in others because of environmental factors.
The serological relationships between the strains of Kashmir bee virus correspond with the degree of similarity of their proteins. Although the marked lability of the proteins of the Australian strains makes them more than usually uncertain criteria for classification, they were clearly of a different group from those of the virus strain from A. cerana. This seems to reflect the associations of the viruses, in natural circumstances, with distinct although closely related host species.
